The rates of aryl sulfatase hydrolysis of several 7-, 4'-and 3-sulfated flavonoids were compared and found to follow the order 7 or 4' >» 3. The complete resistance of the 3-sulfate ester to enzyme hydrolysis provided a unique and convenient method for the synthesis of a number of naturally occurring flavonol-3-sulfates from the corresponding higher sulfated analogs in quantitative yield.
Introduction
There has been an increasing number of reports in recent years on the natural occurrence of flavonoid sulfates in the plant kingdom [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . This considerable interest seems to be related to their suggested role in the detoxification of excess sulfate in response to high sulfur environment [2] , From structural point of view, the naturally occurring flavonoid sulfates are derivatives of common hydroxyflavones ( [1] , It allowed the synthesis of a number of naturally occurring flavone-7-sulfates, as well as polysulfated flavonol-3-sulfates. In addition, the DCC-mediated sulfation afforded one major product that was easily separated from by-products by gel filtration [1] , and therefore, represents a significant improvement of the previously described sul-famic acid method [24] which gives rise to complex mixture of flavonoid sulfate isomers [25] . Although flavonol-3-sulfates represent one of the most common groups of naturally occurring sulfate esters [6, 7] , however, no method is yet available for the specific sulfation of position 3, due to its chelation with the neighbouring carbonyl group. The fact that the 3-sulfate is the only group resistant to hydrolysis with aryl sulfatase [14] allows the specific synthesis of flavonol-3-sulfates from highly sulfated flavonoid-3-sulfates obtained by the DCC-TBAHS method. We wish to report here on the synthesis of a number of flavonol-3-sulfates and their identification by spectroscopic methods. Fig. 1 
Experimental

Source of reference compounds and enzyme
Rhamnetin was obtained from Extrasynthese (Gernay, France). Tamarixetin-3,7-disulfate, apigenin-, luteolin-, and quercetin-7,4'-disulfates, as well as quercetin-and kaempferol-3,7,4'-trisulfates were synthesized according to [1] . Aryl sulfatase type H-l from Helix pomati was purchased from Sigma (St. 
Louis, Mo.).
General methods
Analytical
Synthesis of flavonoids
Eupalitin ( Rhamnetin (6b), eupalitin (7b), eupatolitin (8b) and veronicafolin (9b) 3,4'-disulfates were synthesized by sulfation of the corresponding aglycones using the DCC-TBAHS method [1] . The resulting TBA-salts were converted to their potassium salts using saturated K 2 C0 3 in MeOH. They were separated by centrifugation, dissolved in water and further purified on Sephadex G-10 using water as solvent with 6 b and a gradient of 20-50% aqueous MeOH with 7b, 8b and 9b. Yields ranged from 65 to 70%.
Synthesis of flavonoid-3-sulfates
Tamarixetin-3,7-disulfate (5b, 0.15 mmol) [1] was dissolved in 20 ml of citric acid-sodium citrate buffer [30] (25 mm, pH 4.5), to which were added 1100 units of aryl sulfatase and the mixture was incubated overnight at 30 °C. Each enzyme unit catalyzed the hydrolysis of 0.135 mmol of sulfated compound (i.e. hydrolyzable sulfate group). The incubation mixture was adjusted to pH 8.0 then chromatographed on Sephadex G-10 using a gradient of water and 50% aqueous MeOH to yield 0.14 mmol (93%) of tamarixetin-3-sulfate (5a). Under similar conditions, the 3-monosulfates of rhamnetin (6a), eupalitin (7a), eupatolitin (8a) and veronicafolin (9a) were prepared from their corresponding 3,4'-disulfate esters.
The 3-sulfates of kaempferol (3a) and quercetin (4a) were synthesized from their respective 3,7,4'-trisulfate esters [1] (3 b) and 4g as described for tamarixetin-3-sulfate, except that double the amount of aryl sulfatase was used.
The 4'-sulfates of apigenin (lb), luteolin (2b) and quercetin (4 c) were obtained after aryl sulfatase hydrolysis of their corresponding 7,4'-disulfates lc, 2 c and 4f using the same conditions as described for tamarixetin-3,7-disulfate. Separation of the isomeric 4'-and 7-sulfate esters of apigenin, luteolin and quercetin was performed on Sephadex G-10 using a gradient of water and 20% aqueous MeOH, which was followed by column chromatography on cellulose using water in the case of quercetin isomers.
Results and Discussion
Tamarixetin-3,7-disulfate (5b) [1], after hydrolysis with aryl sulfatase, yielded tamarixetin-3-sulfate (5a)
[31] as the only product. Similarly, using double the amount of enzyme, quercetin (4g) and kaempferol 3,7,4'-trisulfate (4g) (80%) and 3-sulfate (4a) (2%) . All compounds were identified on the basis of their 13 C NMR (Table I) , ! H NMR (Table II) , UV spectroscopic (Table III) and negative FAB-MS (Table   IV) * The initial solvent was 50% A-I-50%B over 10 min, increased to 40% A + 60% B in a 40 min period of time, except for compounds 4a, 4d. 4e and 4g where the gradient was completed in a 20 min period of time.
